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(54) Image projecting apparatus 

(57) It is an object of the present invention to provide 
an image projecting apparatus which has excellent col- 
our purity and a uniform luminance distribution as a re- 
sult of improvement of a wavelength shift of an incident 
light caused by the angle dependence of a dichroic 
prism. 

The image processing apparatus provided by the 
present invention comprises major components such as 
a lamp, fly eye lenses, an R reflective dichroic mirror, an 
R liquid-crystal light valve, a G reflective dichroic mirror, 



a G liquid-crystal light valve, a B dichroic light valve, a 
dichroic prism, and a projection lens for projecting a syn- 
thesized cobur image. In addition, a colour-impurity cor- 
recting filter is provided typically between the R reflec- 
tive dichroic mirror and the mirror to form an inclination 
angle of 10 degrees with a normal axis Y perpendicular 
to the incident-light axis X in the clockwise rotational di- 
rection around a normal axis Z. As a result, the colour 
purity of the image displayed on the screen is improved 
and the luminance distribution of the displayed image 
can also be made uniform as well. 
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6. An image projecting apparatus according to any 
one of claims 1 to 5, wherein said colour-purity cor- 
rection filter is a colour trimming filter for correcting 
colour purity. 

5 

7. An image projecting apparatus according to any 
one of the preceding claims, wherein said colour- 
purity correcting filter has a uniform optical charac- 
teristic on the surface thereof. 

10 

8. An image projecting apparatus according to any 
one of the preceding claims, wherein said colour- 
purity correction filter is made of glass or a metal. 



9. An image projecting apparatus according to any 15 
one of the preceding claims, wherein said colour- 
purity correcting filter is a film having an excellent 
transmittance characteristic such as Ti0 2 or Si0 2 
with a thickness of the order of several micrometers 
crealed by a deposition melhod. 20 



10. An image projecting apparatus according to any 
one of the preceding claims, wherein said appara- 
tus is a rear-type liquid-crystal projector. 

25 
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Description 

The present invention relates in general to an image 
projecting apparatus such as a rear-type liquid-crystal 
projector and in particular to correction of colour nonu- 
niform^ of a projected image in an image projecting ap- 
paratus. 

In the prior art image projecting apparatus such as 
a rear-type liquid-crystal projector, a light passing 
through a liquid-crystal light valve is projected on a 
screen for displaying an image. In more detail, an illu- 
mination light comprising red (R), green (G) and blue 
(B) colour components is generated by a light source 
such as a metal halide lamp. The illumination light is 
passed through spectroscopic means to produce R, 
green G and blue B illumination lights. The R, G and B 
illumination lights then pass through their respective liq- 
uid-crystal light valves which are driven by using red, 
green and blue colour signals. After the R, G and B illu- 
mination lights passing through the respective liquid- 
crystal light valves are synthesized by using a synthe- 
sizing means, they are projected on a screen from the 
rear side thereof by a projection means, forming a colour 
projected image on the screen. 

Fig. 1 of the accompanying drawings is a diagram 
showing a typical configuration of the related art rear- 
type liquid-crystal projector. As shown in the figure, a 
lamp 1 radiates a light comprising red (R), green (G) and 
blue (B) colour components. The light radiated by the 
lamp 1 is applied to fly eye lenses 2 and 3 which serve 
as an optical integrator. The "fly eye" lenses 2 and 3 fo- 
cus a light generated by a lamp before radiating the fo- 
cussed light to a liquid-crystal light valve uniformly as 
shown in Fig. 2, a diagram showing the operation of fly 
eye lenses. 

In actuality, the R colour component passing 
through the fly eye lenses 2 and 3 is reflected by an R 
dichroic mirror 4 and a mirror 5, being directed to an R 
liquid-crystal light valve 7 through a condenser lens 6 
for converting the R colour component into all but par- 
allel beams as shown in Fig. 1 . 

By the same token, the G colour component pass- 
ing through the R dichroic mirror 4 is reflected by a G 
dichroic mirror 8, being directed to a G liquid-crystal light 
valve 10 through a condenser lens 9 for converting the 
G colour component into all but parallel beams. 

After leaving the G dichroic mirror 8, the remaining 
B colour light component passes through a relay lens 
1 1 , a mirror 12 and a relay lens 1 3 and is reflected by a 
mirror 1 4. The B colour component is then converted by 
a condenser lens 15 into all but parallel beams which 
are applied to a B liquid-crystal light valve 16. 

In each of the R liquid-crystal light valve 7, the G 
liquid-crystal light valve 10 and the B liquid -crystal light 
valve 16 which are driven by their respective video sig- 
nals, an optical image is formed as variations in trans- 
mittance due to a video signal applied thereto Lights 
output by the R liquid-crystal light valve 7, the G liquid- 



crystal light valve 10 and the B liquid-crystal light valve 

16 are synthesized by a dichroic prism 17 into a single 
light, substantially forming a colour image at the position 
of the G liquid-crystal light valve 10. 

5 The dichroic prism 1 7 is a prism-type dichroic mirror 
built by joining four rectangular prisms 1 7a, 1 7b, 1 7c and 
17d. An R reflective dichroic multi-layer film and a B re- 
flective dichroic multi-layer film are deposited on junc- 
tion surfaces 19 and 20 inside the dichroic prism 17 re- 

10 spectively. 

The colour image synthesized by the dichroic prism 

17 is enlarged by a projection lens 18, being projected 
on a screen, which is not shown in the figure, from the 
rear side thereof. 

15 In the related art configuration described above, 
however, the light reaching the dichroic prism 17 has a 
predetermined incident inclination because the light has 
been converged before being radiated to the dichroic 
prism 17. For example, R light beams applied to the di- 
20 chroic prism 1 7 shown in Fig. 3A, a diagram showing an 
enlarged view of the dichroic prism 17 as seen from a 
position above the prism 17, form different incident an- 
gles 60, 01 and 02 with normal lines at the centre, an 
upper portion and a lower portion of the junction surface 
2S 1 g respectively as shown in Fig. 3B, a diagram showing 
incident angles of red light beams entering the dichroic 
prism 17. On the other hand, B light beams applied to 
the dichroic prism 17 shown in Fig. 3A form different in- 
cident angles e0\ 61' and 02' with normal lines at the 
30 centre, an upper portion and a lower portion of the junc- 
tion surface 20 respectively as shown in Fig. 3C, a dia- 
gram showing incident angles of blue light beams en- 
tering the dichroic prism 17. 

The dichroic multi-layer films deposited on the junc- 
3S tion surfaces 1 9 and 20 inside the dichroic prism 1 7 each 
exhibit dependence on the incident angle, that is, a re- 
flectance for a light which varies in dependence upon 
the incident angle of the light. As a result, when light 
beams are applied to the dichroic multi-layer film at dif- 
40 ferent incident angles as described above, wavelength 
shifts are inadvertently generated as shown in Fig. 3D. 
a diagram showing characteristics of the dichroic prism 
17 with respect'to an S polarized light. As shown in Fig. 
3D, with respect to the incident angle 00, the wavelength 
is shitted to shortwave and longwave sides at the inci- 
dent angles 02 and 01 respectively. As for the incident 
angle 00', the wavelength is shitted to shortwave and 
longwave sides al the incident angles 01 ' and 02' re- 
spectively. 

so The wavelength shifts occurring in the dichroic 
prism 1 7 considerably deteriorate the colour purity of the 
liquid-crystal projector employing the dichroic prism 17 
in the configuration thereof. When a rod colour is dis- 
played on a screen, for example, a colour clos to a pure 
red colour is displayed on the right half of the screen 
while colour shading occurs on the left half, resulting in 
an orange colour as shown in Fig. 4A, a diagram show- 
ing a front view of a display screen 
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Such deterioration of colour purity has an effect on 
the luminance distribution of the displayed image as 
shown in Fig. 4B, a diagram showing a luminance dis- 
tribution on a display screen. As shown in the figure the 
left half of the screen exhibits bright luminance varia- 
tions in comparison with the right half. For this reason, 
it is necessary to make the luminance distribution uni- 
form by insertion of typically an attenuation filter for the 
left half of the screen, giving rise to a problem that such 
a filter deteriorates the efficiency of the utilization of the 
light in the liquid-crystal projector. 

As a technique to solve such a problem, the thick- 
ness of the dichroic multi-layer film deposited on the 
junction surfaces 19 and 20 inside the dichroic prism 17 
is changed in accordance with the incident angle of the 
light applied thereto. However, such a technique entails 
a complicated structure of the dichroic prism 17. In ad- 
dition, introducing much waste of materials, the tech- 
nique is economically undesirable. 

The present invention addresses the problems de- 
scribed above. It is thus an object of the present inven- 
tion to provide an image projecting apparatus which has 
excellent colour purity and a uniform luminance distri- 
bution as a result of improvement of a wavelength shift 
ol an incident light caused by the angle dependence of 
the dichroic prism and the dichroic mirror as encoun- 
tered in the related art image projecting apparatus. 

In order to solve the problems described above, the 
present invention provides an image projecting appara- 
tus comprising: 

a light source: 

a colour-component separating means for splitting 
a light generated by the light source into three col- 
our lights, that is, R, G and B lights; 
three liquid-crystal light valves for modulating the 
three colour lights output by the colour-component 
separating means respectively; 
a light synthesizing means for synthesizing modu- 
lated lights radiated by the three liquid-crystal light 
valves into a single light; and 
a projection means (or a projection lens) for project- 
ing an image synthesized by the light synthesizing 
means on a screen, 

the image projecting apparatus characterized in 
that a colour-purity correcting filter for correcting a 
screen colour purily is provided on al least one of three 
optical paths passing through the three liquid-crystal 
light valves to form an inclination angle of about 10 de- 
grees with a normal axis Y perpendicular to an incident- 
light axis X in a clockwise or counterclockwise rotational 
direction around a normal axis Z, a line of interception 
of a plane YZ perpendicularly crossing the incident-light 
axis X and a plane XZ perpendicularly crossing the nor- 
mal axis Y. 

In the image projecting apparatus provided by the 
present invention, a colour-purity correcting filter for cor- 



recting a screen colour purity is provided on at least one 
of three optical paths passing through the three liquid- 
crystal light valves to form an inclination angle of about 
10 degrees with the normal axis Y perpendicular to the 

s incident-light axis X in the clockwise or counterclock- 
wise rotational direction around the normal axis Z. Thus, 
the shift in incident-light wavelength is cancelled. As a 
result, the colour purity of the image displayed on the 
screen is improved and the luminance distribution of the 

10 displayed image can also be made uniform as well. 

The invention will be further described by way of 
non-limitative example with reference to the accompa- 
nying drawings, in which:- 

Figure 1 is a diagram showing a typical configura- 
tion of the related art rear-type liquid-crystal projec- 
tor; 

Figure 2 is a diagram showing the operation of fly 
eye lenses; 

20 Figure 3A to 3D are explanatory diagrams used for 
clarifying a problem encountered in a dichroic prism 
wherein: 

Figure 3A is a diagram showing an enlarged view 
of a dichroic prism as seen from a position above 

25 the prism; 

Figure 3B is a diagram showing incident angles of 
red light beams entering the dichroic prism; 
Figure 3C is a diagram showing incident angles of 
blue light beams entering the dichroic prism; and 

30 Figure 3D is a diagram showing characteristics of 
the dichroic prism with respect to an S polarized 
light: 

Figure 4A and 4B are explanatory diagrams used 
for clarifying a problem encountered in the related 
35 art rear-type liquid-crystal projector caused by the 
characteristics of a dichroic prism wherein: 
Figure 4A is a diagram showing a front view of a 
display screen; and 

Figure 4B is a diagram showing a luminance distri- 

w bution on the display screen; 

Figure 5 is a diagram showing a view ol a first em- 
bodiment implementing the image projecting appa- 
ratus provided by the present invention as seen 
from a position above the apparatus; 

>5 Figure 6 is a diagram showing the characteristic of 
a colour-purity correcting filter provided by the 
present invention with respect to the red colour; 
Figure 7 is a diagram showing a view of a second 
embodiment implementing the image projecting ap- 

>o paratus provided by the present invention as seen 
from a position above the apparatus; and 
Figure 8 is a diagram showing a view of a third em- 
bodiment implementing the image projecting appa- 
ratus provided by the present invention as seen 

>"5 from a position above the apparatus. 

The present invention will become more apparent 
from a careful study of the following detailed description 
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of some preferred embodiments with reference to ac- 
companying diagrams 

First Embodiment 

First of all, the configuration of an image projecting 
apparatus implemented by a first embodiment of the 
present invention is explained by referring to Figure 5 
Figure 5 is a diagram showing a view of the first embod- 
iment implementing the image projecting apparatus pro- 
vided by the present invention as seen from a position 
above the apparatus. It should be noted that description 
of items already explained in the description of the prior 
art is not repeated and components common to the re- 
lated art image projecting apparatus and the image pro- 
jecting apparatus provided by the present invention are 
denoted by the same reference numerals and are not 
explained again. 

The image processing apparatus adopting a cross- 
prism system like the one shown in Figure 5 comprises 
a lamp 1 , fly eye lenses 2 and 3, an R reflective dichroic 
mirror 4, a mirror 5, a condenser lens 6, an R liquid- 
crystal light valve 7, a G reflective dichroic mirror 8, a 
condenser lens 9, a G liquid-crystal light valve 10, relay 
lenses 11 and 13, mirrors 12 and 14, a condenser lens 
15 and a B dichroic light valve 16. 

The image processing apparatus is further provided 
with a dichroic prism 17 serving as a light synthesizing 
means for synthesizing lights output by the R liquid-crys- 
tal light valve 7, the G liquid-crystal light valve 10 and 
the B liquid-crystal light valve 16 and a projection lens 
18 for projecting a synthesized colour image resulting 
from a synthesis carried out by the dichroic prism 1 7 on 
a screen which is not shown in the figure. 

The image projecting apparatus provided by the 
present invention is equipped with a colour-impurity cor- 
recting filter 100, the characteristic of which is shown in 
Figure 6. Serving as a colour trimming filter for correct- 
ing the colour purity of the synthesized colour image, 
the colour-impurity correcting filter 100 is provided typ- 
ically between the R reflective dichroic mirror 4 and the 
mirror 5 to form an inclination angle of 10 degrees with 
a normal axis Y perpendicular to the incident-light axis 
X in the clockwise rotational direction around a normal 
axis 2, a line of interception of a plane YZ perpendicu- 
larly crossing the incident-light axis X and a plane XZ 
perpendicularly crossing the normal axis Y. 

The operation of the image projecting apparatus 
having a configuration described above is described as 
follows. 

The lamp 1 emits a light comprising R : G and B col- 
our components. The light emitted by the lamp 1 is con- 
verted by the fly eye lenses 2 and 3 into a light which 
can be radiated uniformly to the R, G and B liquid-crystal 
light valves 7, 10 and 16 for the R, G and B colour com- 
ponents respectively. The R colour component of the 
light passing through the fly eye lenses 2 and 3 is re- 
flected by the R reflective dichroic mirror 4, being direct- 



ed to the colour-purity correcting filter 100 which is pro- 
vided at an angle of inclination as described above The 
colour-purity correcting filter 1 00 is a dichroic filter made 
of glass or a metal such as a film with a thickness of the 

5 order of several micrometers having an excellent trans- 
mittance characteristic such as Ti0 2 or Si0 2 is created 
by a deposition method to provide a uniform optical 
characteristic on the surface thereof. 

The inventors of the present invention have discov- 

io ered in an experiment using the colour-purity correcting 
filter 100 made as described above that, by providing 
the colour-purity correction filter 1 00 to form an inclina- 
tion angle 0 of 1 0 degrees with a normal axis Y perpen- 
dicular to the incident-light axis X in the clockwise rota- 

is tional direction around a normal axis Z, the shift in inci- 
dent-light wavelength is cancelled due to the character- 
istic of the colour-purity correcting filter 100 shown in 
Figure 6. 

This is because, since the colour-purity correcting 
20 finer 100 is provided at an inclination angle e of 10 de- 
grees in the clockwise rotational direction seen from a 
position above the image projecting apparatus as 
shown in Figure 5, an R light passing through the colour- 
purity correcting filter 100 undergoes reversed correc- 
ts tion therein which just have effects opposite to wave- 
length shifts occurring in the dichroic prism 1 7 at incident 
angles as shown in Figure 3 (an explanatory diagram 
used for clarifying a problem encountered in the related 
art rear-type liquid-crystal projector) so that the shift in 
30 incident-light wavelength is just cancelled by the char- 
acteristic of the colour-purity correcting filter 100 shown 
in Figure 6. As a result, the colour purity of the image 
displayed on the screen is improved and the luminance 
distribution of the displayed image can also be made 
35 uniform as well. The rest of the operation is the same 
as the related art image projecting apparatus adopting 
the traditional technology, making it unnecessary to re- 
peat the explanation thereof. 

40 Second Embodiment 

The second embodiment adopts an L-type prism 
system in place of the cross-prism system embraced by 
the tirst embodiment. The second embodiment is ex- 
45 plained by referring to Figure 7. Figure 7 is a diagram 
showing a view of the second embodiment implement- 
ing the image projecting apparatus provided by the 
present invention as seen Irom a position above the ap- 
paratus. 

50 As shown in the figure, the image projecting appa- 
ratus implemented by the present embodiment compris- 
es a lamp 1 , a condenser lens 6, an R reflective dichroic 
mirror 4, a mirror 5, an R liquid-crystal light valve 7, a G 
reflective dichroic mirror 8, a G liquid-crystal light valve 

55 10, a B liquid-crystal light valve 16, a mirror 12, a yellow 
(Y) reflective dichroic mirror 21 and a projection lens 1 8. 

In addition, a colour-impurity correcting filter 100 
provided by the present invention is provided typically 
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between the R reflective dichroic mirror 4 and the mirror 
5 to form an inclination angle of 10 degrees with the nor- 
mal axis Y perpendicular to the incident-light axis X in 
the counterclockwise rotational direction around the 
normal axis Z, a direction opposite to the angle of incli- 
nation of the colour-impurity correcting filter employed 
in the first embodiment. As a result, the colour purity of 
the image displayed on the screen is improved and the 
luminance distribution of the displayed image can also 
be made uniform as well. The rest of the operation is the 
same as the related art image projecting apparatus 
adopting the traditional technology, making it unneces- 
sary to repeat the explanation thereof. 

Third Embodiment 

The third embodiment is an embodiment imple- 
menting another version of the L-type prism system. The 
third embodiment is explained by referring to Figure 8. 
Figure 8 is a diagram showing a view of the third em- 
bodiment implementing the image projecting apparatus 
provided by the present invention as seen from a posi- 
tion above the apparatus. 

The image processing apparatus adopting a modi- 
fied version of the L-typc-prism system like the one 
shown in Figure 8 comprises a lamp 1 . relay lenses 11 
and 13, an R reflective dichroic mirror 4, a mirror 5, a 
condenser lens 6, an R liquid-crystal light valve 7, a G 
reflective dichroic mirror 8, a condenser lens 9, a G liq- 
uid-crystal light valve 10, a condenser lens 15 and a B 
liquid-crystal light valve 16. a mirror 12 a yellow (Y) re- 
flective dichroic mirror 21 and a projection lens 18. 

In addition, a colour-impurity correcting filter 100 
provided by the present invention is provided typically 
between the R reflective dichroic mirror 4 and the mirror 
5 to form an inclination angle of 1 0 degrees with the nor- 
mal axis Y perpendicular to the incident-light axis X in 
the clockwise rotational direction around the normal axis 
Z. As a result, the colour purity of the image displayed 
on the screen is improved and the luminance distribution 
of the displayed image can also be made uniform as 
well. The rest of the operation is the same as the related 
art image projecting apparatus adopting the traditional 
technology, making it unnecessary to repeat the expla- 
nation thereof. 

While the present invention has been described by 
referring to the illustrative embodiments, the description 
is nol intended to be construed in a limiting sense. Thai 
is to say : the scope of the present invention is not limited 
to the preferred embodiments described above and, 
thus, a variety of changes and modifications can be 
made to the embodiments. For example, the present in- 
vention is applied to a rcar-typc liquid-crystal projector 
in the description given above. It should be noted, how- 
ever, that the present invention can of course be applied 
toa front-type liquid-crystal projector as well. In addition, 
while the colour-purity correcting filter 1 00 is inserted on 
the R optical path of each of the embodiments described 



above, the colour-purity correcting filter 100 can also be 
provided on the G or B optical path in dependence on 
the state of an image displayed on the screen of the im- 
age projecting apparatus. On the top of that, it is need- 
s less to say that various versions of the present invention 
can also be developed without adhering to the preferred 
embodiments described above. 



10 Claims 

1. An image projecting apparatus comprising: 

a light source; 

75 a colour-component separating means for split- 

ting a light generated by said light source into 
three colour lights, that is, red, green and blue 
lights; 

three liquid-crystal light valves for modulating 
20 said three colour lights output by said colour- 

component separating means respectively; 
a light synthesizing means for synthesizing 
modulated lights radiated by said three liquid- 
crystal light valves into a single light; and 
25 a projection moans for projecting an image syn- 

thesized by said light synthesizing means on a 
screen, 

wherein a colour-purity correcting filter for cor- 
30 recting a screen colour purity is provided on at least 
one of three optical paths passing through said 
three liquid-crystal light valves to form a predeter- 
mined angle of inclination with a normal axis per- 
pendicular to an incident-light axis. 

35 

2. An image projecting apparatus according to claim 
1 wherein a dichroic prism is employed as said light 
synthesizing means. 

^o 3. An image projecting apparatus according to claim 
1 wherein a dichroic mirror is employed as said light 
synthesizing means. 

4. An image projecting apparatus according to any 
45 one of the preceding claims, wherein said predeter- 
mined angle of inclination formed by said colour-pu- 
rity correcting filter and said normal axis has a value 
in the range 8 to 15 degrees in the clockwise or 
counterclockwise rotational direction from said nor- 

so rnal axis. 

5. An image projecting apparatus according to any 
one of claims 1 to 4, wherein said predetermined 
angle of inclination formed by said colour-purity cor- 

5S recting filter and said normal axis has a value of 10 
degrees in the clockwise or counterclockwise rota- 
tional direction from said normal axis 



